Antibiotic resistance has become a major public health problem throughout the world. The presence of antibiotic-resistant bacteria such as Staphylococcus aureus and antibiotic resistance genes (ARGs) in hospital wastewater is a cause for great concern today. In this study, 276 Staph. aureus isolates were recovered from hospital wastewater samples in Malaysia. All of the isolates were screened for susceptibility to nine different classes of antibiotics: ampicillin, ciprofloxacin, gentamicin, kanamycin, erythromycin, vancomycin, trimethoprim and sulfamethoxazole, chloramphenicol, tetracycline and nalidixic acid. Screening tests showed that 100 % of Staph. aureus isolates exhibited resistance against kanamycin, vancomycin, trimethoprim and sulfamethoxazole and nalidixic acid. Additionally, 91, 87, 50, 43, 11 and 8.7 % of isolates showed resistance against erythromycin, gentamicin, ciprofloxacin, ampicillin, chloramphenicol and tetracycline, respectively. Based on these results, 100 % of isolates demonstrated multidrug-resistant (MDR) characteristics, displaying resistance against more than three classes of antibiotics. Of 276 isolates, nine exhibited resistance to more than nine classes of tested antibiotics; these were selected for antibiotic susceptibility testing and examined for the presence of conserved ARGs. Interestingly, a high percentage of the selected MDR Staph. aureus isolates did not contain conserved ARGs. These results indicate that non-conserved MDR gene elements may have already spread into the environment in the tropics of Southeast Asia, and unique resistance mechanisms against several antibiotics may have evolved due to stable, moderate temperatures that support growth of bacteria throughout the year.
INTRODUCTION
Antimicrobial resistance (AMR) is an important public health concern shared by developed and developing countries. The burden of infectious diseases is heavier and worsening in developing countries compared to developed countries due to limited access, unavailability and unaffordability of antimicrobials required for treating bacterial infections caused by AMR organisms (Parth, 2011) . AMR is a global rather than a local issue, as AMR can spread between countries or continents (Song, 2015) . Therefore, it is difficult to determine the worldwide prevalence of AMR, but several reports suggest that it is an increasing problem of extraordinary proportions, affecting both rich and poor countries (Felmingham et al., 2002 (Felmingham et al., , 2007 Sharma et al., 2005; Potz et al., 2006; de Kraker & van de Sande-Bruinsma, 2007; Denys et al., 2007; Johnson et al., 2005; Zhang et al., 2006) . In 2007, the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) ranged from 27.4 to 62.4 % and penicillin-nonsusceptible Streptococcus pneumoniae from 23.3 to 54.5 % in different census regions of the USA (Denys et al., 2007) . In the UK, resistance of enterobacteria to cephalosporins is on the rise (Potz et al., 2006) , as is the prevalence of MRSA (Johnson et al., 2005) in hospital and community settings. A recent report by the European Antimicrobial Resistance Surveillance System described a rising prevalence of resistance among the seven bacterial species (Strep. pneumoniae, Staph. aureus, Escherichia coli, Enterococcus faecalis, Enterococcus faecium, Klebsiella pneumoniae and Pseudomonas aeruginosa) that serve as indicators for the development of AMR to many mainline antibiotics in Europe (de Kraker & van de Sande-Bruinsma, 2007) . In India, up to 80 % of Staph. aureus strains are resistant to penicillin and ampicillin (AMP) (Sharma et al., 2005) .
In particular, the Association of Southeast Asian Nations (ASEAN) region is the area that shows the highest prevalence of resistance in major bacterial pathogens. For example, highlevel macrolide resistance in Strep. pneumoniae was reported to be higher than 70 % among clinical isolates from Asian countries such as Korea, China, Japan, Hong Kong, Thailand and Vietnam (Felmingham et al., 2002 (Felmingham et al., , 2007 . The prevalence of multidrug resistance in Acinetobacter spp. was higher than 80 % in Thailand, Malaysia and India (Song, 2015) . Despite the critical situation of AMR, until recently it has not been recognized as an important issue in most ASEAN countries due to lack of awareness and limited healthcare infrastructure. There are several factors that contribute to the high prevalence of AMR in Asian countries. One of the most important reasons is misuse of antibiotics in both clinical setting and animal husbandry (Song, 2015) . Emergence of counterfeit and substandard antibiotics in most Asian countries is also recognized as one of the contributing factors of AMR in Asia (Song, 2015) .
The use of antibiotics and the spread of antibiotic resistance in clinical settings is a well-recognized problem; however, its environmental significance has largely been overlooked. Antibiotics are a class of naturally occurring, semi-synthetic and/or chemically synthesized compounds with antimicrobial activity. Uncontrolled and excessive use of antibiotics by humans and in animal feedstock results in an increase in antibiotic resistance and causes the spread of resistance genes in environmental samples such as hospital wastewater (Islam, 2011) . Hospital wastewater can be hazardous to both public health and ecological balance because it can contain many kinds of pollutants such as radioactive, chemical and pharmaceutical wastes (antibiotics), as well as pathogenic micro-organisms (Sharpe, 2003) . Studies have demonstrated that hospital wastewater is a highly selective environment: it provides close contact between bacteria and antibiotics, and this proximity contributes to the high rates of resistant bacteria that are discharged into the natural environment (Iversen et al., 2002) . Resistance is acquired because of the high selective pressure that antibiotics place on bacteria, resulting in the proliferation and subsequent dissemination of resistant bacteria. Based on the research of Zhang et al. (2009) , the hundreds of antibiotic resistance genes (ARGs) observed in water environments can be classified into five classes according to the different antibiotics to which they confer resistance: (1) tetracycline (TET) resistance; (2) aminoglycoside resistance; (3) macrolide, chloramphenicol (CMP) and vancomycin (VAN) resistance; (4) sulfonamide and trimethoprim resistance; and (5) b-lactam and penicillin resistance genes.
Antibiotic-resistant bacteria (ARB) have been released from hospitals via several routes such as hospital wastewater, patients and hospital workers (Alam et al., 2013) . Antibiotics can enter hospital wastewater in many ways such as excretion from patients or workers' urine and faeces, direct disposal of expired drugs and accidental spilling of chemicals/antibiotics. All of these events can provide high selective pressure on the bacteria present in the wastewater. Most of the antimicrobial agents released into the natural environment from hospital wastewater are in non-metabolized form. The antibiotics excreted through urine and faeces are only partially metabolized by the patients and this results in unaltered antibiotics being deposited in the hospital wastewater. This is supported by findings from Bound & Voulvoulis (2004) , who stated that many drugs and pharmaceutically active compounds were not fully metabolized; therefore, their occurrence in wastewater was common. Giger et al. (2007) reported that most of the antibiotics from the quinolone group are excreted in unmetabolized form. Additionally, Sedlak & Pinkston (2001) reported that most of the b-lactam antibiotics are excreted in their original form while sulfonamides are excreted as a mixture of conjugates and their original form. Only about 30 % of the antibiotics used are released in their metabolized form. Non-metabolized antibiotics commonly contain their active groups that have not been metabolized or degraded properly, and this could have a serious impact on the aquatic environment. For example, both AMP and ciprofloxacin (CFX) were found in high concentration in German hospital wastewater (Hartmann et al., 1998) . Varela et al. (2014) worked on hospital effluent and detected various antibiotics in the wastewater. The antibiotics include TET, oxytetracycline, doxycycline, penicillin G, sulfamethazine, sulfamethoxazole (SMZ), CFX and ofloxacin. Brown et al. (2006) found varying concentrations of six antibiotics in wastewater from five hospitals in Mexico. These antibiotics include SMZ, trimethoprim, ofloxacin, CFX, lincomycin and penicillin G, all of which were detected at high concentration. Hence the relatively high rates of occurrence and concentrations observed support the belief that hospital wastewaters are major contributors to the antibiotic loads in municipal wastewater (Brown et al., 2006) . Another antimicrobial agent also found in high concentration in hospital wastewater was benzalkonium chloride. Giger et al. (2007) concluded that concentration of antibiotics in effluent of hospital wastewater is almost 20 times higher compared to the original concentration of antibiotics in influent. He also stated that hospital wastewater contributes about 40 % of the total antibiotic loads in municipal wastewater. In The Netherlands, a high concentration of multiple antibiotics was observed in hospital wastewater compared with surface water, with more than 30 µg ml À1 and less than 0.4-90 ng l À1 , respectively. Moreover, Baquero et al. (2008) also demonstrated that the concentration of antibiotics in hospital wastewater was 100 times higher compared to that in sewage treatment plants (STPs). High amounts of antibiotics and the presence of other drugs in hospital wastewater provide selective pressure for the emergence of ARB and serve as an important hotspot for transfer of ARGs among bacteria of the same species or different species through horizontal gene transfers; last but not least, hospital wastewater serves as a conducive site for the evolution of resistance (Baquero et al., 2008; Kemper, 2008) .
The resistance gene elements can spread among bacteria via inheritance and horizontal transfer of ARGs (Tenover, 2006; Xi et al., 2009) . DNA elements, which mediate integration of resistance genes (e.g. integrons), may also be involved, resulting in the further spread of multidrug-resistant (MDR) bacteria into the environment (Yang et al., 2009) . It has also been noted that multidrug resistance is often achieved by the acquisition of a single mobile genetic cassette harbouring several different resistance mechanisms. Gene cassettes form a diverse group of small mobile elements and usually contain a single gene and specific recombination sites (Gavin & Ruth, 1995) . In contrast to other mobile DNA elements, gene cassettes, the smallest known form of mobilizable DNA, are inserted at specific locations in the host genome defined by the presence of an integron (Stokes & Hall, 1989; Collis et al., 1993) . This ensures that the process of insertion or excision of a gene cassette can be accomplished with minimal impact on the other functions of the host DNA. In addition, the integron supplies a promoter so that the cassette-associated genes can be expressed. Moreover, integrons may themselves be located on plasmids or other DNA structures that facilitate the exchange of DNA between organisms, and so the integrons themselves may be mobilized. These factors, taken together, provide a mechanism whereby genes may be passed efficiently between different individuals of both the same and differing species and then routinely expressed. As a result, the integron/gene cassette system provides a mechanism for the rapid and efficient reassortment of genes and is thought to be significant in the evolution of the organisms that possess it (Collis et al., 1993; Holmes et al., 2003; Rowe-Magnus et al., 2003) . In addition to the selective pressure exerted by antibiotic drugs themselves, other antibiotics and/or agents such as disinfectants and heavy metals may also contribute to the maintenance of antibiotic resistance (Schluter et al., 2007) . Consequently, bacteria can retain resistance to drugs such as streptomycin and sulfonamides, which are rarely used today, simply because their resistance genes are closely associated with contemporary antibiotics or heavy metal resistance mechanisms.
In this study, we focused on one key pathogen, the Grampositive bacterium Staph. aureus, which is a normal inhabitant of the skin of a healthy individual, apart from its well-known pathogenicity in hospitalized patients. Staph. aureus is normally found in the interior nares of 25-30 % of healthy individuals (Krishna & Miller, 2012) . Staph. aureus is mainly acquired from hospital infections and has demonstrated its ability to develop resistance to many antibiotics. The microbes are considered as MDR bacteria when they develop resistance to more than three different groups of antibiotics. Emergence of MDR Staph. aureus is now worrisome in Southeast Asia because the antibiotics available are no longer effective in treating the bacterial infections, and this will increase morbidity and mortality rates and, indirectly, increase treatment cost. MDR Staph. aureus are now spreading into the environment. To investigate the presence of MDR Staph. aureus in hospital wastewater in Kuala Lumpur, MDR Staph. aureus were isolated for further study to identify antibiotic resistance patterns and to detect known antibiotic resistance genes (ARGs) in the bacteria. This study indicated that, despite high concentrations of antibiotics in the hospital wastewater, certain MDR bacteria were able to persist in this environment. MDR bacteria are able to resist the action of antibiotics and may have developed new mechanisms of resistance, rendering antibiotics inactive.
METHODS
Sample collection. Hospital wastewater samples were collected from the University of Malaya Medical Centre hospital STP. The samples were collected under aseptic conditions in sterile containers and were transferred to the laboratory on ice and processed within 4 h of collection.
Isolation of Staph. aureus from hospital wastewater. Membrane filtration was used to recover Staph. aureus from wastewater samples. Briefly, 300 ml of each sample was vacuum filtered through a 0.45 µm, 47 mm mixed cellulose ester filter. Filters were then enriched in 40 ml of Staphylococcus broth, vortexed and incubated at 37 C for 24 h. A 10 µl loop-full of each enrichment was then plated in duplicate on the selective medium mannitol salt agar for the isolation of Staph. aureus. Plates were incubated at 37 C for 24 h. Yellow colonies on the mannitol salt agar were inferred to be Staph. aureus. This initial identification was confirmed using conventional methods, including Gram staining, colony morphology, the slide coagulation test and the catalase test. Isolates that were Gram-positive, catalase positive and coagulase positive were characterized as Staph. aureus. These colonies were purified on mannitol salt agar and archived in nutrient broth with 15 % glycerol at À80 C.
Staph. aureus resistance tests against multiple antibiotics (screening tests). All of the bacteria isolates were grown on media containing an antibiotic to screen for susceptibility. The isolates that were able to grow on plates containing each antibiotic were considered ARB. A total of 10 antibiotics were tested: AMP (30 µg ml Antimicrobial susceptibility testing. The Kirby-Bauer disk diffusion method was used as described in the literature (Thompson et al., 2013a; Ali et al., 2014) to evaluate the antimicrobial susceptibility profiles of the isolates using a standardized single disk on Mueller-Hinton agar (MHA). A total of 10 antibiotics were tested: AMP (30 µg ml ). The stock solution for each antibiotic was prepared by using the formula (1000/P)ÂVÂC=W, where P is the potency of the antibiotic base, V is the volume in millilitres (ml) required, C is the final concentration of solution and W is the mass of the antimicrobial to be dissolved in V. The antibiotic concentrations were chosen based on the therapeutic concentration used in most hospitals in Malaysia. A 0.5 McFarland standard suspension of the isolate was made and a lawn culture was grown on an MHA plate. Plates were incubated at 37 C for 18 h and zone diameters were measured using calipers. Zones of inhibition were determined in accordance with procedures of the Clinical and Laboratory Standards Institute standard guidelines (CLSI, 2015) .
Multiple Antibiotic Resistance index study. The Multiple Antibiotic Resistance (MAR) index was determined for each isolate by dividing the number of antibiotics to which the organism was resistant by the total number of antibiotics tested (Kaplan et al., 2005) . This index gives a general indication of the probable source(s) of an organism. The MAR indices of the isolates were calculated and noted (see Results).
MET and OXA screen agar and disk diffusion test. MHA plates containing 4 % NaCl and 6 µg ml À1 of OXA and MET were prepared. Plates were inoculated with 10 µl of a 0.5 McFarland suspension of each isolate by streaking in one quadrant and incubating at 37 C for 24 h. Plates were observed carefully in transmitted light for any growth. Any growth after 24 h was considered OXA and MET resistant.
MET and OXA disk susceptibility testing was performed on all isolates of Staph. aureus using the Kirby-Bauer disk diffusion method. MET disks (5 µg) and OXA disks (1 µg) were used. Zones of inhibition were determined in accordance with procedures of the CLSI standard guidelines. According to CLSI, Staph. aureus isolates were considered susceptible to OXA if inhibition zones were !13 mm after incubation on 2 % NaCl MHA at 37 C for 18-24 h. For MET, Staph. aureus isolates were considered susceptible if inhibition zones were !15 mm after incubation on MHA for 18-24 h.
DNA extraction and PCR methods for 16S rDNA, nuc, mecA and known ARGs. For DNA extraction, Staph. aureus isolates were grown in nutrient broth for 24 h. These overnight cultures (100 ml) were transferred to a new tube and centrifuged at 15 000 r.p.m. (20 600 g) for 5 min. The pelleted cells were resuspended in 1 ml 1Â Tris/EDTA buffer [10 mM Tris/acetate and 1 mM EDTA (pH 7.5)], then were incubated in lysozyme for 30 min at 37 C. DNA was extracted from the supernatant using the phenol/chloroform method, and then DNA was precipitated using cold 100 % ethanol. The nucleic acid pellet was washed with 70 % cold ethanol, dried and resuspended in 30 µl TE [10 mM Tris and 1 mM EDTA (pH 8)] and the samples were stored at À20 C until used for further DNA analysis.
PCR amplification was performed using a 20 µl reaction mixture composed of 12.3 µl sterilized Milli-Q water, 4.0 µl 5Â PCR buffer, 1.6 µl MgCl 2 , 0.4 µl dNTP, 0.3 µl each forward and reverse primers, 0.1 µl Taq polymerase and 2 µl of purified DNA. The PCR protocol consisted of denaturation for 5 min at 94 C; 35 cycles of 30 s at 98 C, 45 s at 55 C and 45 s at 72 C and a final extension step of 10 min at 72 C. Amplified PCR products were electrophoresed on a 2 % agarose gel in a 1Â Tris/acetate EDTA buffer, stained with Diamond Nucleic Acid Dye (Promega) and viewed under UV light. Nucleotide sequences and annealing temperatures for each primer used in this study are shown in Table S1 (available in the online Supplementary Material).
Sequence analysis. A single band of PCR amplicon for 16S rDNA from isolate 1-17 and AMR genes from isolates 1-25 (aac(6¢)/aph(2 †)), 2-18 (ermC and msrA), 2-43 (gyrA), 2-75 (aph(3)-IIIa), 3-36 (parC, blaZ and vanA), 3-49 (tetK) and 3-59 (dhps) were purified and sequenced. Previously published sequences of known ARGs found in resistant Staph. aureus isolates were retrieved from the National Center for Biotechnology Information (www.ncbi.nlm.nih.gov) and were used as reference sequences. Nucleotide sequence analysis was performed with BLAST sequence algorithms, and sequences were aligned using CLUSTAL W (Thompson et al., 1994) . 16S rDNA nucleotide sequences identified in this study were deposited in the National Center for Biotechnology Information database, reference number KU971601.
RESULTS

Isolation and identification of MDR Staph. aureus from hospital wastewater
Hospital wastewater samples were collected from the STP from University of Malaya Medical Centre located in Kuala Lumpur, Malaysia. Three different samples were taken at different times, to observe the variation in the number of Staph. aureus species present in the hospital wastewater. A total of 276 Staph. aureus isolates were obtained from the hospital wastewater samples using mannitol salt agar. These isolates were identified as Staph. aureus using routine phenotypic methods including Gram staining, colony morphology and catalase and coagulase tests. The results of culture on mannitol salt agar showed that all of the isolates yielded positive results for fermentation of mannitol, changing the colour from red to yellow. High numbers of Staph. aureus isolates were recovered from each sampling: 80, 92 and 104 isolates from the first, second and third samplings, respectively (Table S1 ). After the preliminary screening to evaluate MDR characteristics of isolated Staph. aureus, 100 % of the isolates showed resistance to more than three classes of antibiotics (Table 1) . We found that 4.7 % of the isolates showed resistance to nine tested antibiotics; 25.7 %, eight antibiotics; 32.6 %, seven antibiotics; 31.1 %, six antibiotics; and only 5.8 %, five antibiotics. No isolates showed resistance to fewer than four antibiotics. The percentages of bacteria from the hospital wastewater displaying resistance to each of the 10 tested antibiotics are as follows: KNM (100 %), VAN (100 %), TM-SMZ (100 %), NAL (100 %), ERM (90.5 %), GMN (87.3 %), CFX (50 %), AMP (43 %), CMP (10.5 %) and TET (8.71 %) (Tables 1 and S2 ). TM-SMZ are the only antibiotics used in combination because they have better synergistic bactericidal effects on the bacteria. All antibiotics used in this study were tested with another bacteria species, E. coli, to ensure the effectiveness/ potency of the antibiotics, and they were all found to be active against the bacteria.
Based on the AMR of all isolates, nine isolates that showed resistance to nine classes of tested antibiotics were selected for further investigation. The nine selected isolates of Staph. aureus were further characterized using PCR to identify the 16S rDNA and nuc (which encodes a thermonuclease enzyme in certain Staph. aureus species) gene to ascertain whether our isolates belong to the genus Staphylococcus. The 16S rDNA PCR products from 1-17 were sequenced, and BLAST analysis showed 98 % similarity with the Staphylococcus cohnii subsp. urealyticus strain CK27 16S ribosomal DNA gene. The nuc gene was PCR amplified in all of the Staph. aureus isolates. PCR products from isolates were sequenced, confirming that all isolates contain nuc, a gene unique to Staph. aureus species.
Antimicrobial susceptibility profile and MET/OXA resistance of selected nine MDR Staph. aureus
The concentrations of antibiotics used in the disk tests were chosen according to CLSI guidelines to confirm that selected Staph. aureus isolates exhibit MDR characteristics. The results were compared with CLSI standards. The observed phenotypic resistance patterns among the hospital wastewater isolates are shown in Table 2 . The MAR index analysis revealed that all nine isolates had a very high MAR index value (>0.2), of which 44 % of the isolates had the highest possible MAR index, 1.0. Results of AMR/antimicrobial susceptibility profiles of the nine isolates also showed that all of the isolates were resistant to MET and OXA. Screening agar tests also confirmed that all of the isolates were resistant to the two tested antibiotics and were able to grow on the screening agar after 24 h of incubation. These results confirm that the selected nine Staph. aureus isolates are also a significantly high clinical risk. To determine whether a common resistance gene for MET and OXA was present in these isolates, PCR targeting mecA was performed on all isolates. Unfortunately, none of the phenotypically resistant isolates harboured mecA.
Detection of conserved ARGs in MDR Staph. aureus isolates
To investigate whether common resistance gene elements for individual antibiotics were present in the nine selected isolates, primer sets for conserved regions of resistance genes were used (Table S2 ). The Staph. aureus isolates were analysed for the presence of the aminoglycoside modifying enzyme (AME) genes, aac(6¢)/aph(2 †), aph(3)-IIIa and ant (4¢)-Ia by PCR. The presence of at least one of these AME genes was seen in five out of nine isolates. aph(3)-IIIa was detected in 2-75 and 3-49 at 283 base pairs (bp), whereas aph(3)-IIIa was undetectable in 1-17, 1-25, 1-64, 2-18, 2-43, 3-36 and 3-59 (Table 3 ). The aph(3)-IIIa PCR product from 2-75 was sequenced, and results showed that the isolates were 100 % identical to Staph. aureus aacA-aphD for bifunctional AAC/APH3. In our study, aac(6¢)/aph(2 †) was the most frequently identified gene. aac(6¢)/aph(2 †) was amplified in 1-17, 1-64 and 3-36 at 152 bp. However, the other six isolates did not harbour this AME gene. The sequence results of this gene's PCR product from 1-25 showed 100 % similarity with Staph. aureus aacA-aphD for bifunctional AAC6/APH2. The bacteria were able to resist GMN and KMN antibiotics by carrying either one of these AME genes.
We detected mefA, msrA and the three erm genes using PCR with primers specific for the genes encoding ERM resistance. In our results, no PCR products for the ERM resistance genes ermA and ermB were observed (Table 3 ). Our findings showed that both ermC and msrA were amplified in 2-18, 2-43 and 3-59, whereas ermC was 
DISCUSSION
In this study, 276 isolates of Staph. aureus were recovered from hospital wastewater. Nine isolates were chosen from these based on the high levels of resistance the selected bacteria displayed to the antibiotics tested. We found that the high numbers of MDR bacteria recovered from the hospital wastewater may be due to the inefficient removal of pathogenic bacteria by the treatment process or due to the high usage of antibiotics among patients. Similar results were reported by Thompson et al. (2013a) who also observed high levels of antibiotic-resistant Staph. aureus in hospital wastewater samples. The presence and survival of Staph. aureus in hospital wastewater is surprising because wastewater undergoes several treatments in the STPs before it is released into the natural environment (rivers or ponds). It was proposed that the resistant bacteria can actually survive wastewater treatment in the STPs and subsequently find their way into the environment in the STP effluent (Baquero et al., 2008) . Their survival in the hospital wastewater indicates that wastewater provides a conducive environment for resistant bacteria and antibiotics to come into close contact, and allows for the transfer of ARGs from pathogenic bacteria to non-pathogenic bacteria. Ohlsen et al. (2003) reported the potential of Staph. aureus to transfer ARGs in wastewater. Hospital wastewater typically carries increased numbers of ARB compared to other municipal sewage. Due to the bacterial diversity, nutrients and various molecules used as antibiotics, it is considered an excellent place for the development of superbugs. Residual hospital waters are frequently enriched with a diversity of nosocomial-adapted bacteria capable of exchanging a variety of evolved and stable genetic elements harbouring a multiplicity of genes that confer resistance to antibiotics or virulence factors (Kümmerer, 2004) . Therefore, it is frequently possible to isolate these genes from niche bacteria such as VAN-resistant Enterococcus species, MRSA and others.
According to the disk diffusion assay results, Staph. aureus isolates showed high levels of resistance to VAN, ERM, 
NAL, GMN, KMN, CFX, TET, CMP and trimethoprim, as well as SMZ. Our results were consistent with other studies, which also observed high levels of resistance to a wide range of antibiotics among resistant Staph. aureus (Thompson et al., 2013b; Ali et al., 2014) . It is well known that hospital wastewater contains an elevated level of antibiotics, which provides selective pressure for antibiotic resistance. It can thus be a hotspot for horizontal gene transfer of resistance genes. Increased resistance to multiple antibiotics in many tropical countries is probably due to the weather in these regions, which is warm, hot and humid every year, promoting the growth (which increases exponentially) and spread of ARG elements among Staph. aureus populations in hospital wastewater. There is no absolute finding on how weather affects the spread of antibiotic resistance, but many studies report that there is an increase in the spread of Staph. aureus infections during the summer (Leekha et al., 2012) . A study done in India by Krushna (2012) showed that bacterial infection increased during summer and in high humidity. They mentioned that the survival and growth of Staph. aureus depends on temperature, humidity, pH, salinity and exposure to sunlight. From this insight, we suggest that the multiplication of bacteria and expression of genes harboured by the bacteria will increase with optimum temperatures. This will indirectly promote the spread of ARGs through horizontal gene transfer or mutation. The possible persistence and further dissemination of MDR bacteria in natural environments could ultimately lead to an increase in the pool of AMR determinants. The transfer of resistance into current and emerging pathogens is a major concern that is being addressed with regard to the continuous introduction of MDR bacteria and their resistance genes into the environment.
Additionally, misuse of antibiotics in both clinical settings and animal husbandry plays a role in contributing to high levels of resistance among the Staph. aureus isolates in most tropical countries. Although antibiotics are universally abused throughout the world, these special therapeutic agents are very frequently and widely abused in the ASEAN region where antibiotics can be purchased as over-thecounter medicines in many countries. In China, the use of antibiotics for disease treatment and as growth promoters in animals is unmonitored, which leads to the overuse of antibiotics and which may pose a risk to human health worldwide (Zhu et al., 2013) . Another source of AMR is counterfeit antibiotics. Approximately 78 % of counterfeit antibiotics are made in Southeast Asian countries where 44 % of these drugs are consumed (Delepierre et al., 2012) .
Interestingly, we found that all of our resistant isolates showed high levels of resistance to VAN, which is the most potent antibiotic available today for treating Staph. aureus infections. Furthermore, we also observed that 88 % of the isolates that were phenotypically resistant did not have common VAN mechanisms of resistance. This indicates that only a small percentage of isolates utilized the common mechanism of resistance and possessed vanA. The rest of the isolates did not harbour this gene, and their resistance 
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could be due to another unknown mechanism. The high level of resistance to VAN observed in our isolates was in agreement with previous studies. A similar case was reported by Ali et al. (2014) who found that approximately 4 % of Staph. aureus isolates showed resistance to VAN. A study done by Subhankari in Bangalore, India, also detected the presence of VAN-resistant Staph. aureus in his study (Subhankari et al., 2011) . Schwartz et al. (2003) found bacteria carrying vanA in hospital effluent. Most other reports suggest that VAN is an ideal drug for treating Staph. aureus infection (Holland & Fowler, 2011; Kruzel et al., 2011) . This glycopeptide antibiotic is reserved for treatment when other antibiotics have failed, especially as a result of MRSA and MDR staph. aureus. The high levels of VAN resistance in the MDR Staph. aureus found in this study could be a unique feature of Staph. aureus isolates in the tropics, such as Southeast Asia.
The MAR index analysis showed that the majority of the isolates were resistant to more than eight antibiotics, which is in accordance with many findings from other parts of the world (Habibi et al., 2008; Al-Mendalawi, 2010; Al-Saimary, 2011) . The multiple drug resistance of Staph. aureus is quite alarming, and suggests that all of the isolates originated from a high risk source of contamination where antibiotics are often used and possibly abused. The highest MAR index was observed in 44 % of the isolates, for which an MAR index of unity was recorded. This score indicates that the isolates do not respond to the effects of any of the antibiotics tested. This could be attributed to possession of multiple resistance genes in the bacterial genome that enable them to resist all of the antibiotics. This agreed with the findings of Kaplan et al. (2005) who reported that the MAR index value of Staph. aureus is usually associated with increased expression of multiple ARGs, including those coding for aminoglycoside resistance. Many factors contribute to the emergence of multiple drug resistance in Staph. aureus, including the over-prescription of antibiotics by clinicians and the over-usage and failure to complete the prescribed antibiotic course by patients. Environmental and personal hygiene can also contribute to the spread of resistant species among people, especially in clinical settings.
In the present study, we could not confirm the presence of MRSA genes in our isolates from the environmental samples. It has been reported that mecA is the major determinant for identification of MRSA isolates, an assumption endorsed by many researchers worldwide (Meshref & Omer, 2011; Ahmed et al., 2014) . All nine isolates were tested for MET and OXA resistance by disk assay. However, the results of the phenotypic resistance disk assay and the mecA PCR detection assay were not in agreement. This finding contradicted previous reports stating that most phenotypic MRSA carry the mecA gene (Murakami et al., 1991; Cloney et al., 1999) . Even though our study found a low frequency of mecA, previous studies have reported that mecA and MRSA are detectable in hospital wastewater, indicating that hospital wastewater may be a hotspot for the dissemination of the mecA gene and MRSA (Börjesson et al., 2009 ).
Therefore, further explanation is required to account for the absence of mecA in the resistant isolates. The absence of mecA in isolates showing phenotypic resistance has been reported previously (Chambers et al., 1989; Bignardi et al., 1996; Hawraa et al., 2014) . Additionally, moderate MET resistance was also observed in isolates that lacked mecA mutations (Ligozzi et al., 1991; Hiramatsu et al., 1992) . It also has been reported in a previous study from Nigeria that the complete absence of five major staphylococcal cassette chromosome mec (SCCmec) types and mecA as well as the gene product of PBP2a was observed in isolates that were phenotypically MRSA, suggesting that hyperproduction of b-lactamase may be a cause of this phenomenon (Olayinka et al., 2009) . Phenotypic MRSA resistance in some of the isolates could be due to the presence of blaZ, which renders PBP2a expression inducible under the control of BlaR1 and BlaI (Lowy, 2003) . Alternatively, Ba et al. (2014) recently reported that specific alterations in various amino acids in the penicillin-binding protein cascades (PBP1, PBP2 and PBP3) may be the basis of resistance. Results obtained from PCR analysis of 1-64, 2-43, 2-75 and 3-49 showed that they did not contain blaZ. Therefore, the phenotypic MET resistance produced in these three isolates was not due to overexpression of blaZ. These findings provide clear evidence that there are mechanisms other than the presence of mecA responsible for the b-lactam resistance of MRSA.
Our data demonstrated that some of the MDR isolates that were resistant to the antibiotics tested (phenotypic resistance), also possessed some known ARGs (Table 2) . These results were consistent with many studies, which showed that the phenotypic methods for detecting resistance were in agreement with PCR results (Strommenger et al., 2003; Duran et al., 2012) . Some of the resistant bacteria have known ARGs in combination. However, we found out that 70 % of the MDR isolates that were phenotypically resistant to the antibiotics tested did not harbour conserved ARGs. This was determined by the absence of conserved ARGs in the isolates. We also calculated the percentage of isolates bearing at least one known ARG (Table 3) . We determined that 44 % of the isolates did not have common AMP, GMN or KMN mechanism of resistance. The most common mechanism of resistance to AMP is through the production of the b-lactamase enzyme encoded by blaZ (Zapun et al., 2003) , whereas AMEs are major factors responsible for resistance to aminoglycosides in Staph. aureus. Three classes of AMEs have been identified up until now: acetyltransferase (AAC), aminoglycoside phosphotransferase (APH), and aminoglycoside nucleotidyltransferase (ANT) (Choi et al., 2003) . The most important mechanism of aminoglycoside resistance in Staph. aureus is through drug inactivation by AMEs. Another 33 % of the isolates did not have common ERM, CFX or NAL mechanism of resistance. Resistance to ERM is commonly due to different mechanisms such as drug inactivation (Fthenakis, 1998) , loss of permeability (Dingwell et al., 2003) , an active efflux mechanism (Wang et al., 2008) and target region modification by mutation or methylation (Leclercq, 2002) . Two of the important active efflux mechanisms in Staph. aureus may be based on the membrane-bound efflux protein encoded by mefA and the macrolide efflux pump encoded by msrA (Ross et al., 1990) . Additionally, Staph. aureus also is able to synthesize ribosome methylases, which are encoded by one or more ERMresistant methylase genes (erm) (Pech ere, 2001 ). Quinolone antibiotics (CFX and NAL) exert their antibacterial effects by inhibiting certain bacterial topoisomerase enzymes, namely DNA gyrase (bacterial topoisomerase II) and topoisomerase IV (Everett & Piddock, 1998) . Mutations in the gyrase gene and topoisomerase IV gene produce changes that cause resistance to fluoroquinolones by two basic mechanisms: alteration in the interaction of the fluoroquinolones with their target sites and alterations that affect access of the drug (Hooper, 1999) . The mutations responsible for resistance occur in certain regions of each enzyme subunit called the quinolone-resistance-determining region, particularly in the gyrA and gyrB genes of topoisomerase II, making the enzyme less sensitive to inhibition by fluoroquinolones (Willmott & Maxwell, 1993) .
In the present study, only 11 % of the isolates did not have the common SMZ mechanism of resistance. Staph. aureus exhibits resistance to SMZ through mutation of the dihydropteroate synthase gene. The high percentage of isolates that display the common SMZ mechanism of resistance indicates that dhps has spread to the environment. This could be due to high usage of SMZ antibiotic among the local residents. We also noted that 99 % of the isolates did not have the common TET, TMZ or CMP mechanism of resistance. The common mechanism of TET resistance in Staph. aureus is mediated through an active efflux pump or through enzymatic inactivation (Chopra & Roberts, 2001) . Staph. aureus exhibits resistance to CMP through the production of the rRNA methylase enzyme encoded by cfr (Kehrenberg et al., 2005) . However, these reported results are contradicted by many previous studies. Findings from other studies showed that phenotypically resistant bacteria usually have at least one conserved ARG that would be responsible for their resistance and primary mechanism of resistance (Strommenger et al., 2003; Duran et al., 2012) . Yet, in this study, our data demonstrate that some of the resistant bacteria do not have a conserved ARG or use a common resistance mechanism. Some studies also reported the absence of ARGs in their resistant bacteria isolates, but the percentage of those without resistance genes was smaller than in our study (less than 5 %) (Martineau et al., 2000) . Nevertheless, there is a possibility that a new resistance mechanism emerged in the resistant bacteria. This implies that the bacteria may have developed new mechanisms of resistance towards the antibiotics tested, which have not yet been discovered.
There is, however, further experimentation and data collection that is needed to assess the significance of the MDR Staph. aureus examined in this study, the spread of ARGs into the environment and the possible emergence of new mechanisms of resistance. There is also the need for consistent, on-going antimicrobial surveillance for important and commonly isolated pathogens like MRSA and VANresistant Staph. aureus to form the basis for developing and implementing measures that can reduce the burden of AMR and prevent a probable impending public health problem. The data obtained in this study can be extrapolated to most tropical countries because they share the same climatic conditions and therefore may share similar MDR bacteria patterns.
